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This  interim  report  describes  the  results  of  the  Low  Cost  Array  for 
Detection  of  Infrared  (LADIR)  program  from  May  1975  through  December 
1975.  The  objective  of  LADIR  is  to  investigate  monolithic  Si:Ga  detector 
arrays  for  8 to  14  pm  infrared  imaging  with  on-chip  signal  processing.  This 
report  describes  the  key  results  of  tests  performed  on  discrete  Si:Ga  detec- 
tors, monolithic  Si;Ga  detectors  and  detector/CCD  test  structures  on  the 
Hughes  2096  IR  &D  test  chip. 
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SECTION  I 
INTRODUCTION 


The  LADIR  contract  is  a device  development/evaluation  program  to 
investigate  monolithic  extrinsic  (Si;Ga)  detector  arrays  for  8 to  14  pm  IR 
imaging  systems  with  on  chip  signal  processing  functions.  The  objective  is  to 
demonstrate  solutions  to  critical  device  performance  questions  prior  to  the 
development  of  a fully  monolithic  focal  plane  assembly  which  will  be  under- 
taken during  a follow-on  phase.  The  contract  requires  the  evaluation  and 
delivery  of  monolithic  focal  plane  arrays,  preamplifier  arrays,  multiplexer 
arrays,  direct/indirect  CCD  injection  schemes  and  a preliminary  MFPA. 

These  contract  objectives  are  to  be  achieved  by  testing  specific  applicable 
devices  on  the  2096  chip,  design  and  development  of  a dedicated  test  chip 
(21XX),  and  by  testing  discrete  Si:Ga  detectors  to  select  optimum  dopant 
concentration  for  21XX  substrate  material. 

This  report  describes  the  key  results  of  tests  performed  on  discrete 
Si;Ga  detectors,  monolithic  detectors  and  test  structures  on  the  2096  chip 
and  the  preliminary  design  of  the  21XX  test  chip. 

SECTION  II 

DISCRETE  DETECTORS 

Several  discrete  float  zone  grown  detector  elements  having  different 
dopant  levels  were  fabricated.  Frequency  response  measurements  were  made 
on  the  3009  A Tang  material  under  three  different  background  conditions 
utilizing  a PbSnTe  laser.  The  results  are  shown  in  Figure  Ij"  which  demon- 
strates that  the  high  frequency  response  characteristics  of  Si:Ga  detectors 
are  as  theoretically  predicted.  That  is  to  say,  the  frequency  response  de- 
creases as  the  background  decreases.  D"'"  as  a function  of  temperature  is 
presented  in  Figure  2 for  three  different  phosphorous  doping  levels  at  three 
different  backgrounds.  This  data  shows  that  the  detectors  will  operate  opti- 
mally up  to  32°K  theoretically  but  only  27°K  experimentally.  The  experi- 
mental  and  theoretical  data  correlates  reasonably  well.  Figure  3 shows  D"' 

All  figures  appear  at  the  end  of  the  text,  beginning  on  page  6.  preceding  the 
Appendix. 
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data  as  a function  of  temperature  at  a high  background  level  for  three 
different  gallium  concentrations,  keeping  P essentially  constant.  The  roll- 
off in  D"  at  the  low  temperature  is  believed  to  be  due  to  the  contact  limita- 
tions. Different  contacts  are  used  on  monolithic  structures.  This  data  indi- 
cates that  higher  D’'"  may  be  obtained  with  larger  concentrations  of  gallium. 

A complete  discussion  of  the  characteristics  of  the  gallium  doped  silicon 
detectors  is  given  in  the  Appendix. 

SECTION  III 

MONOLITHIC  DETECTORS 

A picture  of  the  2096  chip  is  shown  in  Figure  4 showing  the  various  test 
circuits  tested.  This  chip  contained  five  individual  monolithic  detectors 
that  are  adjacent  but  spaced  at  different  center-to-center  spacings  to  allow 
the  effects  of  the  spacing  variable  to  be  evaluated.  Figure  5 shows  cross- 
talk measurements  made  on  these  devices.  The  results  are  very  encourag- 
ing. Measured  crosstalk  was  less  than  5 percent  for  all  devices  except  the 
center  detector  which  was  noisy. 

The  spectral  response  of  one  of  the  monolithic  detectors  was  obtained  and 
shown  in  Figure  6.  The  dip  at  3 pm  is  not  presently  under  stood.  The  peak  wave- 
length is  14  pm  and  the  cut-off  wavelength  is  17.  2 pm. 

A significant  amount  of  data  was  obtained  on  the  discrete  2096  detectors. 
Figure  7 shows  signal  response  at  1.  1 x lO^^ph/cm  /sec.  The  3 dB  fre- 
quency is  approximately  900  kHz  and  decreases  as  the  bias  voltage  increases. 
The  signal  level  increases,  as  expected,  with  bias.  Figure  8 shows  the  out- 
put noise  spectra.  From  the  ratio  of  signal  to  noise  in  Figures  7 and  8,  f ' is 
in  excess  of  1 MHz.  d'''  is  calculated  to  be  5.  6 x 10^^  cm/Hz/w  which  trans- 
lates to  a quantum  efficiency  of  0.  29.  The  theoretical  expectation  is  0.  33. 

Data  was  also  obtained  at  a background  of  1.  5 x 1 0 ^ ^ ph/cm^/sec.  Fig- 
ure 9 shows  the  signal  and  output  noise  spectra.  The  signal  3 dB  frequency 
is  approximately  170  kHz.  f”''  is  in  excess  of  250  kHz.  D"'  at  this  back- 
ground is  shown  in  Figure  10.  Peak  D"‘  is  1.  4 x 10^^  cm/lTz/w  which  means 
a quantum  efficiency  of  0.  23,  somewhat  lower  than  the  1.  1 x 10^^  background 

quantum  efficiency.  Figure  11  shows  the  impulse  response  obtained  from  a 

1 4 

PbSnTe  laser  at  the  1.  5 x 10  background. 
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SECTION  IV 

INPUT  TEST  STRUCTURES 


Also  available  on  the  Z096  chip  were  various  input  schemes  designed  to 
demonstrate  which  type  is  best.  Figures  IZ  and  13  show  the  normal  direct 
injection  structure  and  an  equivalent  circuit.  This  input  structure  is  charac- 
terized by  a current  dependent  input  transconductance  which  limits  the 
available  system  bandwidth.  To  eliminate  this  problem  several  modified 
direct  injection  circuits  have  been  designed.  Several  of  these  structures 
were  evaluated  to  determine  if  the  new  structures  would  provide  better  fre- 
quency response  in  the  absence  of  the  input  gj^  problem  of  the  normal  direct 
injection,  and  to  determine  the  optimum  type  of  detector  contact. 

Figure  14  shows  D"  obtained  with  these  input  structures  at  a background 

1 ^ z 

of  Z X 10  ph/ c m /sec.  The  signal  data  was  obtained  with  a PbSnTe  laser 

emitting  at  10.  8 pm.  Input  No.  4 is  a new  structure  with  a p+  buried  layer 
contact.  Input  No,  bis  a new  biased  structure  but  does  not  have  a p"*"  contact. 
Input  No.  1 is  the  normal  p"*"  direct  injection  structure.  Input  No.  4 appears 
to  be  the  best  from  this  preliminary  data.  BLIP  operation  was  achieved, 
assuming  0.  56  quantum  efficiency  with  an  f'  greater  than  ZOO  kHz.  Fig- 
ure i5  shows  the  impuse  response  to  a*  PbSnTe  laser  pulse.  From  this 
response  the  3 dB  signal  response  appears  to  be  about  40  kHz. 

Data  was  also  taken  on  the  input  test  structures  at  a background  of 
1.5x10  ph/cm/sec.  Figure  16  shows  D'*'  for  the  same  input  structures, 
Nos.  1,  4 and  6.  One  can  see  that  f'‘'  is  significantly  improved  with  the  new 
structures  at  the  lower  background.  BLIP  operation  is  achieved,  assuming 
a quantum  efficiency  of  0.  175  and  f'  appears  to  be  near  100  kHz. 


SECTION  V 

TDI  AND  MULTIPLEXER  RESULTS 

The  Z096  cnip  contained  a 16-input  TDI  circuit  which  was  utilized  to 
demonstrate  operation  of  TDI  at  LADIR  backgrounds,  and  it  was  also  used  to 
demonstrate  operation  of  a multiplexer.  Figure  17  shows  a schematic  of  the 
16  input  structure  which  had  a standard  p"^  direct  injection  input  and  a float- 
ing diffusion  source  follower  output.  Figure  18  shows  the  distinction  between 
operating  this  structure  in  TDI  or  as  a multiplexer.  In  TDI  the  blur  circle 
is  scanned  along  the  detectors  at  the  same  speed  as  the  clock  so  that  charges 
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are  added  up.  In  the  multiplexer  mode  the  detectors  are  irradiated  simul- 
taneously and  then  read  out  serially.  This  is  also  known  as  an  electronic 
readout  (ERO)  output.  Fif^ure  19  shows  an  example  of  the  multiplexer  read- 
out at  1.  3 X lu  ph/cm  /sec.  Figure  20  shows  an  example  at  1.  6 x 10^^ 
ph/cm  /sec.  These  pictures  confirm  that  high  uniformity  is  achievable  with 
current  processing  and  materials  technology.  This  chip  was  shielded  to 
define  the  active  detector  area  and  resulted  in  improved  uniformity  over 
previously  unshielded  samples.  Figure  21  shows  an  example  of  TDI  readout. 
D ■■  was  calculated  for  the  16  input  TDI  structure  at  backgrounds  of 

1.  3 X 10^^  ph/cm^/sec  and  1.6  x 1 0 ^ ph/cm‘”sec.  These  calculations  are 

17  Z 

shown  in  Figures  22  and  23.  At  1 . 3 .x  10  ph/cm  /sec,  BLIP  operation  was 
achieved  at  25'^K  with  a quantum  efficiency  of  0.  30.  f"'”  was  approximately 

25  kHz.  At  1.6  X 1 0 ^ ^ ph/cm^/sec.  BLIP  operation  was  achieved  at  20°K, 
also  with  a quantum  efficiency  of  approximately  0.  30  and  an  f'  of  about 
25  kHz. 


SECTION  VI 

DEEP  BURIED  CHANNEL  CCD 

The  2096  chip  also  contains  a deep  buried  channel  CCD.  It  is  an  n-buried 
layer  device  (n  epi)  designed  to  operate  at  the  very  high  clock  frequencies  (up 
to  100  MHz)  required  on  the  future  LADIR  system.  The  n channel  is  best  for 
high  frequency  operation  because  the  mobility  of  electrons  is  much  greater 
than  that  of  holes.  Preliminary  results  are  that  the  deep  buried  channel  does 
operate  at  20°K  at  1 5 MHz.  Figure  24  shows  pictures  of  operation  at  various 
temperatures  at  15-MHz  clock  frequency.  The  top  trace  is  the  input  pulse 
and  the  bottom  trace  shows  the  clock  pulses  and  the  output  signal  which  is 
inverted  due  to  the  inverting  output.  Coupling  existed  between  the  input  and 
output,  however,  which  prevented  meaningful  signal-to-noise  data  from  being 
taken.  New  devices  have  been  fabricated  with  the  input  and  output  isolated 
and  will  soon  be  tested. 


SECTION  VII 

NEW  LADIR  CHIP  DESIGN 

The  new  LADIR  chip  is  currently  being  designed  and  layed  out  by  the 
Hughes  Carlsbad  Research  Center.  A schematic  of  the  proposed  LADIR 
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chip  is  shown  in  Figure  25.  One  of  the  major  items  is  the  49-row  MFPA 
structure.  There  will  be  10  detectors  in  TDI  in  each  row  for  a total  of  490 
detectors.  There  will  also  be  several  test  structures  on  the  new  chip  such 
as  a detector/buffer/gate  modulation  TDI  structure,  which  will  demonstrate 
the  increased  signal  bandwidths  obtainable  with  a MOSFET  buffer  preamp. 

In  addition  a modified  direct  injection  TDI  structure  will  be  provided 
which  will  demonstrate  whether  improved  signal  response  is  attainable  with 
this  structure  as  indicated  by  tests  on  the  2096  chip. 

High  frequency  deep  buried  channel  multiplexers  will  be  provided, 
designed  to  operate  <>t  30  MHz,  which  will  be  compared  with  a surface  chan- 
nel n^ultiplexer  to  demonstrate  whether  there  is  significant  improvement 
with  deep  buried  layer  performance.  There  will  be  a combination  surface 
channel  shift  register  and  a deep  buried  channel  multiplexer  to  demonstrate 
whether  this  combination  is  possible,  since  it  will  be  ultimately  necessary. 
Various  MUX  output  schemes  will  be  provided  such  as  running  three  multi- 
plexers in  parallel  so  as  to  cut  down  the  required  MUX  clock  frequency. 

In  addition,  there  will  be  high  resistance  load  resistors  to  provide 
information  on  uniformity.  Large  geometry  FETS  will  be  included  for 
charge  pumping  measurements  to  measure  the  surface  state  density  and 
surface  mobilities.  Discrete  detectors  will  also  be  provided  to  characterize 
the  detectors  and  check  the  processing. 
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Figure  1.  Si:Ga  signal  response  versus  frequency  — PbSnTe 
laser  source 
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Figure  10.  SitGa  2096  chip  monolithic  detector,  D"’'  versus 
frequency 
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APPENDIX 

CHARACTERISTICS  OF  GALLIUM  DOPED 
SILICON  INFRARED  DETECTORS 

M.  Pines,  D.  Murphy,  D.  Alexander 
Hughes  Aircraft  Co.  , Culver  City,  CA 
and 

R.  Baron  and  M.  Young 
Hughes  Aircraft  Co.  , Malibu,  CA 


ABSTRACT  Table  1.  Characteristics 

of  Si:Ga  Detector 


Data  on  lifetime,  responsivity,  noise  and 
detectivity  has  been  obtained  on  discrete  Si:Ga 
infrared  detectors  a function  of  temperature 
(5  K - 35  K),  background  photon  flux  density 
(♦q  = 10^^  - 10^"^  photons/cm^-sec)  and  bias  field 
(E  = 200-1200  v/cm).  Several  detectors  with  dif- 
fering boron  impurities  and  compensation  were 
evaluated.  The  effects  of  compensation  on  the 
amplitude  of  the  photoconductive  lifetime,  respon- 
sivity and  noise  is  demonstrated  with  experimental 
data.  From  the  data,  the  quantum  efficiency  of 
the  detectors  is  shown  to  vary  from  0,  25  to  0,  4. 

A theoretical  model  has  been  developed  to 
explain  the  observed  behavior  of  the  lifetime,  sig- 
nal, noise  and  detectivity.  The  model  is  based  on 
solving  the  rate  equations  for  the  excess  carriers 
for  a three  impurity  level  model  (i.  e,  , phosphorus, 
boron  and  gallium  levels).  The  theory  is  com- 
pared with  the  experimental  data  obtained  on  the 
detectors  showing  correlation.  Impulse  response 
data  on  the  Si:Ga  detectors  was  obtained  using  a 
PbSnTe  laser. 
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DATA  ANALYSES 
Material  Characteristics 

Hall  samples  were  fabricated  from  the  same 
wafers  as  the  Si:Ga  photoconductive  detectors, 
yielding  carrier  concentration  and  Hall  mobility  of 
the  detectors.  The  concentration  of  gallium,  boron 
and  phosphorus  obtained  from  the  data  is  shown  in 
Table  1.  These  samples  were  chosen  for  further 
investigation  because  the  gallium  concentrations 
were  very  similar  whereas  the  phosphorus  concen- 
tration varied,  allowing  the  establishment  of  the 
phosphorus  dependence  of  responsivity,  noise  and 
detectivity.  The  detectors  were  fabricated  from 
different  portions  of  the  same  wafer.  Previous 
tests  have  shown  that  variations  of  ±10  percent  in 
the  experimentally  determined  value  of  phosphorus 
are  observed.  Therefore  the  experimental  data 
presented  later  will  have  this  uncertainty 
associated  with  it. 


+ + (I) 

must  be  solved  where  Nq*  is  the  concentration  of 
ionized  gallium  atoms,  Np  is  the  concentration  of 
ionized  phosphorus  atoms  and  Nq  is  the  concentr- 
ation of  ionized  boron  atoms. 

The  concentration  of  ionized  atoms  for  each 
of  the  three  impurities  is  determined  from  the 
rate  equation  for  each  level  which  includes  the 
thermal  capture  cross  section  and  the  photon  cap- 
ture cross  section.  The  assumed  cross  sections 
for  this  analysis  are  given  in  Table  1.  The  result  is 
a third  order  equation  which  upon  solution  yields  the 
Fermi  level,  free  carrier  concentration,  respon- 
sivity and  lifetime. 

Electrical  Characteristics 

The  responsivity  of  an  infrared  detector  is 


To  obtain  the  carrier  concentration  as  a 
function  of  temperature  and  background  photon 
flux  the  charge  neutrality  equation  given  by 
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where  H ie  the  rme  irrediance,  1^  ia  the  rm* 
aig&al  current,  and  ia  the  detector  area.  At 
low  frequenciea.  it  can  be  ahown  that  the  reapon- 
aiyity  of  an  extrinaic  photoconductive  detector 
ia(M 


d.: 


= — • 'a  = ^a'^A  (4) 

^ detectora)  (5) 

Here  K ia  the  peak  wavelength,  n ia  the  quantum 
efficiency  (i.  e.  , I-intemal,  £-extemal),  Co  ia  the 
d-c  photoconductive  gain,  p ia  the  hole  mobility,  £, 
w,  and  d are  the  length,  width  and  thickneaa  of  the 
detector,  <fj^  is  the  photo  capture  croaa  aection  and 
Na  ia  the  concentration  of  photon  abaorbing 
impuritiea. 

For  a photoconductive  detector  the  generation* 
recombination  noiae  spectrum  at  low  frequency 
ia(^»3) 


Ig.f  = 


where  p = p^  + Pe»  Po  concentration  of 

thermal  carriers,  and  p^  is  the  concentration  of 
excess  carriers. 

When  p^  > > Po  (which  it  is  during  normal  photo* 
conductor  operation)  and  since 

Pe  = «e" 

where  ^ 5 is  the  background  photon  flux  density 


Detectivity  i.  defined  a* 


where  I„  is  total  noiae  (AATHa).  The  substitution 
of  Equations  (3)  and  (6)  into  Equation  (8)  gives 


D*  = JIA  LL  P > >p  X 

X 2hc\/^  2hc\/fZ 


As  can  be  seen  from  Equation  (3),  lifetime  ' 
can  be  determined  from  responaivity  data,  i.  e.  , 
the  lifetime  is 

R.hc* 


where  the  value  of  n can  be  determined  from  D*' 
data,  p from  Hall  meaaurementa(^)  and  E,  £ , h, 

K and  q are  either  knowns  or  variables  of  the 
experiment.  R{  ia  obtained  from  measurements. 

Figure  1 shows  the  calculated  effect  of  life* 
time,  reaponsivity  and  noiae  on  the  concentration 
of  phosphorus  and  gallium  at  a temperature  of  20K. 
The  responaivity  varies  more  than  the  lifetime  due 
to  the  quantum  efficiency  dependence  on  gallium 
concent ration(^).  The  case  chosen  is  a background 
photon  flux  density  of  1.  5 x 10^^  photons /cm^-sec. 
The  lifetime  and  reaponsivity  are  independent  of 
background  photon  flux  at  this  temperature.  The 
theoretical  results  indicate  that  the  lifetime, 
reaponsivity,  and  noise  levels  are  dependent  on 
the  phosphorus  concentration.  This  is  because 
the  lifetime  is  roughly  given  by 


= Idr. 
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where  o^th  is  the  thermal  capture  cross-section, 

Vth  is  the  thermal  velocity  and  i indicates  the 
gallium  or  boron  level. 

The  above  analysis  established  the  depen* 
dence  of  responaivity,  lifetime,  and  noise.  In  the 
following  section  data  will  be  presented  and  corre- 
lated with  the  theory. 

Experimental  Results 

Figure  2 shows  responaivity  versus  tempera- 
ture and  background  photon  flux  density  for  three 
different  detectors  with  different  concentrations  of 
phosphorus.  Table  1 shows  the  various  concen- 
trations of  gallium,  boron  and  phosphorus.  The 
Hall  data  indicates  that  the  6001  seed  is  undercom- 
pensated with  Np  = 1.  5 X 10l3  cm~-^  and  the  3001A 
Seed  and  Tang  have  a Np  of  4.  6 x lOl^  and  7.  1 x 
10l3  cm'^  respectively.  Figure  1 showed  that 
theoretically  the  responaivity  is  expected  to 
Increase  as  the  phosphorus  concentration  is 
decreased,  which  is  consistent  with  the  respon- 
sivity  data  shown  in  Figure  2.  The  theory  also 
predicts  that  the  reaponsivity  is  independent  of 
background  photon  flux  density  at  the  lower  tem- 
peratures. This  ia  also  shown  by  the  data  of  the 
three  detectors  for  the  different  background  photon 
flux  densities.  As  the  temperature  was  increased 
towards  30K  the  reaponsivity  tended  to  increase 
but  never  as  much  as  the  theory  would  indicate 
for  the  lower  background  photon  flux  densities. 
The  peaking  in  responsivity  at  approximately  26K 
is  caused  by  the  Fermi  level  passing  through  the 
boron  level  causing  thermalization  of  the  boron 
level.  The  measurements  at  25K  and  above 
became  extremely  difficult  to  obtain  due  to  the 
rapidly  varying  impedance  of  the  Si:Ca  detectors. 
Some  of  the  peaking  expected  at  the  lower  back- 
grounds could  have  been  masked  by  this  difficulty. 
At  the  lower  temperature  and  background  the 
experimental  data  on  responsivity  is  seen  to 
increase  but  the  theory  doesn't  predict  this.  This 
increase  has  previously  been  reported  as  a dip  in 
the  responsivity  at  the  mid  temperature  range  (and 
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Figur*  1.  RctponaWlty,  Ufatim*  and 
BOis*  aa  a function  of  phoaphoroua 
companaation 


an  incraata  at  tha  lowar  and  higher  temperature). 

It  aeema  that  the  Incraaaa  In  reaponaivity  at  the 
higher  temparatura  can  be  explained  but  at  lower 
temparaturea  the  effect  la  not  underatood. 

Figure  3 ahowa  the  detector  nolae  reraua 
temperature  for  aarloua  background  photon  flux 
danaltlae.  The  data  la  in  exceaa  of  the  calculated 
nolae,  Tha  dlacrapancy  could  be  due  to  contact 
noiea  or  to  an  extra  g-r  term  that  Involvea  the 
boron  laaal.  Hera  again  the  nolae  la  greateat  when 
tha  phoaphoroua  concentration  la  minimum  and  thia 
la  the  caaa  with  6001  Seed,  The  Incraaaa  at  higher 
temparaturea  la  dua  to  the  Increaae  of  the  majority 
carrlara  dua  to  thermaliaatlon. 

Figure  4 ahowa  D*  veraua  temperature  for 
varloua  background  photon  flux  denaltlea.  Aa  the 
theory  ahowa,  the  more  overcompanaated  the 
detector  tha  Ugh  temperature  at  which  BLIP 
(background  limited  Infrared  photodatection)  per- 
formance la  loat.  TUa  aeema  to  Indicate  that  for 
Ugheat  temperature  operation  overcompanaated 
detectora  are  daalrable.  TUa  raault  tbragh  muat 
be  traded  off  agalnat  the  lower  reaponaivity  and 
nolae  level  from  tha  detectora.  Figure  5 ahowa 
lifetime  veraua  temperature.  The  experimental 
data  waa  obtained  from  Equation  10  and  Figure  2. 

Figure  6 ahowa  frequency  reaponae  data  aa 
obtained  with  a pulaed  PbSnTe  laeer  emitting  at 
10. 8 pm  on  detector  3009A  Tang.  The  other  two 
detectora  caaaad  working  due  to  failure  at  the  con. 
tacta.  No  roll  off  waa  obaerved  at  the  Ugher  back- 
grounda  up  to  fraquenclea  of  1 MHs  whereaa  at  the 
lower  background  a 3-dB  of  40  KHa  waa  obaerved. 
TUa  roll  ott  la  not  conalatent  with  the  detector 
photoconductlve  lifetime  or  the  dielectric 


Figure  2.  Reaponaivity  veraua 
temperature  for  varloua  back- 
ground photon  fhix  denaltlea 


Figure 'S.  Nolae  veraua  temparatura 
for  varloua  background  photon 
flux-  denaltlea 
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Figure  4.  D*  vereue  temperature 
(or  varioue  background  photon 
fbix  denalties 


Figure  6.  SiiGa  Signal  reaponse 
versua  frequency  for  varioua 
background  photon  flux 
denaitiea  - PbSnTe  - 
laaer  aource 

relaxation  time  (1.  e. , the  photoconductor  life- 
time being  aufficlently  ahorter  and  the  dielectric 
relaxation  time  being  aigniflcantly  longer).  The 
photocottductlve  gain  at  thia  biaa  la  only  approxi- 
mately 0.2  and  therefore  no  photoconduct ive 
gain  aaturatlon  ahould  be  aeenV°). 


Figure  5.  SliOa  - Lifetime  aa  a ftmetlon  of 
temperature  for  earloua  backgrouod 
photon  flux  denaitiea 


CONCLUSIONS 


Data  haa  been  preaentad  on  Sl:Ca  photo- 
conductora  correlating  the  reaponalvlty,  nolae, 
D*  and  lifetime  dependence  on  the  concentration 
of  phoaphoroua,  gallium  and  boron  and  a model 
haa  been  preaented  explaining  the  obaenred 
behavior. 
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